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Objectives   Short time between consecutive work shifts (quick returns, ie, ≤11 hours between shifts) is associ-
ated with sleepiness and fatigue, both of which have been linked to risk of injury. This paper aims to study quick 
returns between work shifts and risk of injury among Danish hospital workers.
Method   The study population included 69 200 employees, primarily working at hospitals, corresponding to 167 
726 person years at risk between 2008–2015. Information on working hours was obtained from payroll data in the 
Danish Working Hour Database and linked, at an individual level, with data on 11 834 injury records identified 
in the National Patient Register and the Danish Register of Causes of Death. Multivariate Poisson regression 
models were used to calculate incidence rate ratios (IRR) with 95% confidence intervals (CI).
Results   Results showed the shorter the time between shifts, the higher the risk of injury. Thus, an elevated risk 
of injury was observed after quick returns compared with the standard 15–17 hours between shifts (IRR 1.39, 
95% CI 1.23–1.58). Furthermore, when assessing the number of days since a quick return, the risk of injury 
was especially high within the first two days (day 1: IRR 1.39, 95% CI 1.23–1.58; day 2: IRR 1.39, 95% CI 
1.21–1.58) following a quick return.
Conclusions   Our results suggest that quick returns increased the risk of injury, in particular within the first two 
days following a quick return. These findings point towards avoiding or reducing the number of quick returns in 
order to lower employees’ risk of injury.
Key terms   break; change-over; compressed work week; Denmark; payroll data; quick return; rest; short interval; 
short work shift interval.
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Shift work is a way for workplaces to meet demands 
outside of regular daytime operating or service hours, 
such as the need for healthcare around the clock, thus, 
it is common among healthcare workers (1, 2). Accord-
ing to the European Union’s Working Time Directive, 
all employees should be allowed at least 11 consecutive 
hours of rest from work per 24-hour period (3). When 
the time between two consecutive work shifts is ≤11 
hours, it can be characterized as a quick return (4). The 
frequency of quick returns in the healthcare industry is 
not well reported, but two Norwegian studies suggest 
that approximately 80% of nurses have had ≥1 quick 
return (<11 hours) during the past year (5, 6) and, on 
average, 3 quick returns on average per month (6).
Quick returns have been associated with difficulties 
unwinding after work (7), work-life imbalance (7–9) and 
dissatisfaction with working hours (7). Both the timing 
and duration of time between consecutive work shifts 
are important for sleep length (10–12). Sleep length 
between shifts has been shown to increase with longer 
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time between shifts and be longer when time between 
shifts occurs at night than at daytime (10). Thus, quick 
returns have been associated with poor sleep quality 
(7, 13), sleepiness and fatigue (4, 5, 13, 14), insom-
nia (5) and shorter sleep length (4, 7, 15). This may 
compromise safety as short sleep durations (16, 17), 
sleep problems (18) and sleepiness (19, 20) have been 
associated with higher risk of occupational (16–18) and 
traffic (19, 20) injuries. Moreover, sleep deficit across 
several days has been associated with cumulative lower 
cognitive performance (21), which is also suggested as 
a mechanism between working hours and injury (22). 
Accordingly, risk of injury may be accumulated across 
days with quick returns due to less restitution.
In a recent systematic review of quick returns and 
health outcomes, only one study examining the associa-
tion with injury was included (4). Although this study 
suggested a higher risk of occupational injury after quick 
returns in the steel industry (23), this finding was later 
questioned by one of the authors due to possible bias 
(4, 24). A more recent study among nurses in the US 
suggested that those with quick returns had a higher risk 
of needlestick injuries compared with nurses without 
quick returns (25). The study relied on self-reported 
data on quick returns and injury and limited confounder 
adjustment. Given the paucity of existing studies and the 
implications quick returns may have for worker safety, 
there is a need for studies of quick returns that use objec-
tive measurements of working hours and injuries (4).
In this study, we aimed to assess how duration of 
time between shifts – and, specifically, quick returns 
– affect risk of injury. Additionally, we evaluated the 
association between injury and days since a quick return 
as well as the number of quick returns in the past 
week. Finally, the risk of injury after quick returns that 
occurred at different times of the day were assessed. 
This was done by use of payroll data as objective mea-
surements of working hours linked to register-based 
objective data on injuries.
Method
Data
Daily information on all work shifts in the Danish Work-
ing Hour Database (DWHD) was linked individually by 
use of the unique Danish personal identification number 
(26) to register-based information on injuries. DWHD 
is a dynamic cohort based on payroll data and includes 
daily information on precise starting and ending times of 
each shift for all public hospital employees in Denmark 
and some public administrative employees (27). Injuries 
were identified in the National Patient Register and the 
Danish Register of Causes of Death, which contain 
information on all in- and outpatients in Danish hospitals 
(28) and information on causes of deaths of all residents 
in Denmark (29), respectively. Information on covariates 
was obtained from the DWHD and Statistic Denmark’s 
Employment Classification Module (30).
Study population
The study population has previously been described in 
detail (31). In brief, we included all employees in the 
DWHD from two regions of Denmark (urban and rural 
area), between 18 and 65 years old and with at least 
one year of work experience registered in the DWHD 
between 2007–2015. Employees were censored after the 
time they had an injury, terminated their employment 
registered in the DWHD, turned 65 years old, died or 
emigrated. Employees were temporarily censored (ie, 
did not contribute to time at risk) when they worked 
part-time (annually <30 hours/work week), were not 
primarily employed by the regions (eg, students), or 
worked <20 hours the past week (eg, due to holiday). 
The final study population consisted of 69 200 employ-
ees totaling 167 726 person years.
Exposures
All exposures were assessed by calendar day (starting 
from 00:00), and we included all shifts that consisted 
of ≥3 hours of work. Time between shifts was defined 
as the number of hours from the end of one shift to the 
beginning of the next shift, registered on the day the 
second shift started (index day, where the outcome was 
measured). Time between shifts was evaluated continu-
ously (1–17 hours) and categorically (1–2, 3–5, 6–8, 
9–11, 12–14 and 15–17 hours). We defined ≤11 hours 
between shifts as a quick return. Number of quick 
returns the past week was defined as the frequency 
of quick returns the past week, measured from index 
day (day 0) to six calendar days back (continuously; 
range 1–7 quick returns). Days since a quick return 
was defined as the number of days from (the end of) 
a quick return to the index day with no quick returns 
in between. Days since a quick return was analysed in 
separate analysis for each number of days since a quick 
return and continuously (0–6 days since a quick return). 
Time of day of a quick return was categorized as: quick 
return before the start of a day shift (second shift started 
between 04:00–11:59 hours); quick return before the 
start of an evening shift (second shift started between 
12:00–19:59 hours); and quick return before the start of 
a night shift (second shift started between 20:00–03:59 
hours). In the analyses of time of day of a quick return, 
we included quick returns of 6–11 hours and allowed 
extra follow up time (both the day before and the index 
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day), to ensure enough time for injuries to be registered 
before night shifts due to the assessment by calendar 
day. In the case of two quick returns, we used the one 
on the index day, closest in time to a potential injury.
We used 15–17 hours between shifts, corresponding 
to the time between two 8-hour shifts starting at the 
same time of day, as reference. To ensure a consistent 
work exposure, on-call shifts were considered leisure 
time since these can take place at work or at home and 
be mix of regular work shift and leisure time (32). Time 
between shifts of less <1 hour was excluded, as this 
could be attributed to breaks unrelated to rest (eg, lunch 
breaks or running errands). In the event of more than one 
registration of time between shifts on the same calendar 
day, we only considered the shortest time between shifts.
Outcome
Injuries (including occupational, commuting and 
leisure time injuries) caused by accidents between 
2007– 2015 were identified, and the first injury for 
each person was included in this study. To include all 
types of injuries and avoid potential bias from differ-
ent reporting of less severe injuries at different shifts 
(33, 34), this study included injuries registered at an 
emergency department or death certificate. From the 
National Patient Register, we included all injuries 
caused by accidents that resulted in a visit to an emer-
gency department. From the Danish Register of Causes 
of Death, we included all deaths that were registered 
as caused by accidents or with a primary or secondary 
ICD10 code related to injury. Injuries were registered 
on the day of the emergency department visit or death. 
For specific codes see the online, open access study 
protocol (35).
Covariates
Sociodemographic and work-related factors have been 
related to risk of injury (36–38) and were included to 
address potential confounding. We included calendar 
year (categorical), season (categorical), weekday (cat-
egorical), age (18–24, 25–34, 35–44, 45–54, 55–65 
years), sex (categorical), weekly working hours (con-
tinuous), Danish Region (categorical) and shift work 
(evaluated monthly as ≥12 evening or night shifts the 
past 12 months) based on data from DWHD. In addition, 
information on occupation (administrative work, jobs 
with patient contact and technical staff) and socioeco-
nomic status (SES) (high, intermediate and low) were 
included, based on main annual income described by 
the Danish classification of ISCO-codes from Statistic 
Denmark’s Employment Classification Module (30). For 
exact categorization of DISCO-codes in occupation and 
SES, see (31).
Statistical method
Data were analyzed by Poisson regression using the 
natural logarithm of person days as the offset. The 
daily information on work shifts allowed employees to 
contribute with risk time to both the exposed and the 
unexposed group. Repeated measures within employ-
ees were accounted for with Generalized Estimating 
Equations (GEE) (39) with an independent correlation 
structure. We calculated incidence rate ratios (IRR) with 
95% confidence intervals (CI). In model 1, we adjusted 
for calendar year and season. In model 2 (main model), 
we adjusted for model 1 and age, sex and occupation. In 
model 3 additional potential confounders were included, 
and we adjusted for model 2 and weekly working hours, 
weekday, shift work, SES and region. In the analyses of 
quick returns at different time of day, we used covariates 
from model 2.
A sensitivity analysis tested for additional potential 
unmeasured confounding between employees with and 
without quick returns. This was done by restricting the 
population to employees with at least one quick return 
the past year, analogous to  a previous study (40).
All statistical analyses were conducted in SAS 9.4 
(SAS Institute, Cary NC, USA).
Table 1. Baseline characteristics of the study population (employees = 
69 200, person years = 167 726, injuries = 11 834) from the dynamic 
cohort in the Danish Working Hour Database 2008–2015.
Baseline a Ever quick return b 
N=36 875
Never quick return b 
N=32 325
N % N %
Age (years)
18–24 2054 5.6 1645 5.1
25–34 12 103 32.8 8981 27.8
35–44 9779 26.5 8210 25.4
45–54 9271 25.1 7959 24.6
55–65 3668 10.0 5530 17.1
Sex
Women 28 295 76.7 23 997 74.2
Occupation
Administrative work 4762 12.9 11 183 34.6
Medical secretary 2105 44.2 2758 24.7
Patient contact 27 825 75.5 15 741 48.7
Nurses 13 173 47.3 2857 18.2
Medical doctor 6113 22.0 4268 27.1
Hospital porter 4288 15.4 5401 34.3
Technical staff 4288 11.6 5401 16.7
Medical laboratory technologist 1281 29.9 1318 24.4
Socioeconomic status
High 8509 23.1 11 077 34.3
Intermediate 18 498 50.2 10 395 32.2
Low 9868 26.8 10 853 33.6
Shift work c 34 834 94.5 7638 23.6
Regions
Urban 22 785 61.8 20 548 63.6
Rural 14 090 38.2 11 777 36.4
a All employees’ first registration during the study period (at entrance).
b Quick returns within entire study period.
c Ever shift work during the study period.
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Results
During the study period, 11 834 employees had an injury 
(34% occupational, 11% transport, 42% leisure time, 
13% unknown activity). Table 1 presents demographic 
characteristics of the study population. At baseline the 
mean age was 40.5 [standard deviation (SD) 11.2] years 
and the majority of employees were females (76%). 
Compared with employees without a quick return dur-
ing the study period, those with a quick return were 
younger and more often had jobs with patient contact, 
an intermediate SES and shift work.
Half of all employees had ≥1 quick return during the 
study period (53%). On average per year, 65% of nurses, 
38% of medical doctors and 26% of medical secretaries 
had ≥1 quick return. Among those with quick returns, 
the average per employee was 9 quick returns per year. 
In the study period the median length of the shift before 
and after 1–11 hours between shifts, was around 8-hours 
(7.5–8.3 hours), except in 1–5 hours between shifts 
where the shift after was shorter (4.0–5.0 hours).
Results of quick returns and injury are shown in table 
2 in three adjusted models. In model 2, for each one hour 
increase in rest time, there was a 5% decrease in injury 
risk (IRR 0.95, 95% CI 0.93–0.96). Also in the catego-
rized time between shifts, lower risks with more time 
between shifts were observed, except a very high esti-
mate in 3–5 hours between shifts. A 39% higher risk of 
injury in model 2 was shown on days with a quick return 
compared to the reference of 15–17 hours between 
shifts (IRR 1.39, 95% CI 1.23–1.58). Moreover, a linear 
decreasing trend across days since a quick return was 
observed. We found a high risk of injury on the same 
day and on the following day after a quick return (IRR 
1.39, 95% CI 1.23–1.58; IRR 1.39, 95% CI 1.21–1.58) 
compared with the reference of 15–17 hours between 
shifts. The estimates of risk of injury were elevated two 
to six days after a quick return (IRR 1.13–1.23), but 
in model 3 only the first two days showed an elevated 
risk. Furthermore, our results did not suggest that risk of 
injury increase linearly with the number of quick returns 
during the past week (P=0.570). Results in model 3 were 
similar to model 2, although estimates were attenuated. 
Table 2. Incidence rate ratio (IRR) of injury with 95% confidence interval (95% CI), by time between shift, quick returns, number of quick returns 
and days since quick return, in three adjusted models. [ref=reference.]
Injury  
cases 
N=11 834
Person  
years
N=167 726
Model 1 a Model 2 b Model 3 c
IRR 95% CI P-value IRR 95% CI P-value IRR 95% CI P-value
Time between shifts (hours) 
1–2 17 155 1.57 0.97–2.52 <0.001 1.52 0.94–2.45 <0.001 1.46 0.90–2.35 0.075
3–5 19 118 2.31 1.46–3.63 2.24 1.42–3.53 2.09 1.33–3.30
6–8 116 1078 1.56 1.30–1.88 1.36 1.13–1.64 1.11 0.91–1.34
9–11 107 1080 1.42 1.17–1.72 1.32 1.09–1.60 1.10 0.90–1.34
12–14 232 2656 1.27 1.11–1.45 1.24 1.09–1.41 1.11 0.97–1.26
15–17 (ref) 4597 66 189 1 1 1
Continuous (1–17) 5088 71 276 0.93 0.92–0.95 <0.001 0.95 0.93–0.96 <0.001 0.96 0.95–0.98 <0.001
Quick return (hours)
15–17 (ref) 4597 66 189 1 <0.001 1 <0.001 1 0.032
≤11 259 2431 1.53 1.35–1.73 1.39 1.23–1.58 1.17 1.02–1.33
Number of quick returns 
past week
Continuous 1359 15 010 0.92 0.83–1.03 0.117 0.97 0.87–1.08 0.570 0.99 0.89–1.11 0.888
Days since quick return
Day 0: 15–17 hours (ref) 4597 66 189 1 <0.001 1 <0.001 1 0.032
Day 0: quick return 259 2431 1.53 1.35–1.73 1.39 1.23–1.58 1.17 1.02–1.33
Day 1: 15–17 hours (ref) 4560 68 061 1 <0.001 1 <0.001 1 0.010
Day 1: quick return 231 2308 1.49 1.30–1.70 1.39 1.21–1.58 1.22 1.06–1.40
Day 2: 15–17 hours (ref) 4418 69 472 1 0.006 1 0.050 1 0.612
Day 2: quick return 182 2263 1.26 1.08–1.46 1.17 1.01–1.36 1.04 0.89–1.21
Day 3: 15–17 hours (ref) 4433 69 058 1 0.024 1 0.130 1 0.996
Day 3: quick return 171 2191 1.21 1.04–1.41 1.13 0.97–1.32 1.00 0.85–1.17
Day 4: 15–17 hours (ref) 4524 68 538 1 <0.001 1 0.013 1 0.545
Day 4: quick return 182 2073 1.33 1.14–1.54 1.23 1.06–1.43 1.05 0.90–1.22
Day 5: 15–17 hours (ref) 4657 68 018 1 0.002 1 0.021 1 0.559
Day 5: quick return 174 1948 1.30 1.12–1.52 1.22 1.04–1.42 1.05 0.90–1.23
Day 6: 15–17 hours (ref) 4551 65 832 1 0.006 1 0.029 1 0.288
Day 6: quick return 160 1796 1.28 1.10–1.50 1.21 1.03–1.42 1.10 0.93–1.29
Days since quick return 0.039 0.022 0.028
Continuous (0–6 days) 1359 15 010 0.97 0.94–1.00 0.97 0.94–1.00 0.97 0.94–1.00
a Adjustment: model 1: year and season. 
b Adjustment: model 2: model 1 + age, sex, occupation. 
c Adjustment: model 3: model 2 + weekly working hours, weekday, shift work, socioeconomic status and region.
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Thus in model 3 the risk of injury was 17% higher on 
days with a quick return compared with the reference 
(IRR 1.17, 95% CI 1.02–1.33). Table 3 shows the risk 
of injury and the timing of the quick return. No results 
were statistically significant. However, estimates indi-
cated a higher risk of injury after a quick return before 
an evening shift (IRR 1.32, 95% CI 0.94–1.85), when 
compared to a quick return before a day shift, though 
statistically non-significant. 
The sensitivity analysis (see online appendix, 
www.sjweh.fi/show_abstract.php?abstract_id=3770) 
restricted to only employees with quick returns showed 
attenuated estimates in line with results in model 3.
Discussion
Our results revealed that the shorter the time between 
consecutive shifts, the higher the risk of injury. A quick 
return (≤11 hours between shifts) was associated with a 
39% (IRR 1.39, 95% CI 1.23–1.58) high risk of injury 
compared with the reference of 15–17 hours between 
shifts, when adjusted for year, season, age, sex and occu-
pation. Furthermore, analyses showed that risk of injury 
was highest within the first two days of a quick return. 
However, the risk decreased with the number of days 
since a quick return, and more quick returns the past 
week, did not increase the risk of injury accumulatively. 
When additional adjustment for weekly working hours, 
shift work, weekday, SES and region were included, 
estimates were attenuated but the main conclusions did 
not change. This was also the case in the sensitivity 
analysis, which was restricted to employees with quick 
returns. Finally, the analysis of risk of injury did not 
show significant differences by time of day of the quick 
return. However, the non-significant estimates indicated 
a higher risk of injury after quick returns before evening 
shifts compared to quick returns before day shifts.
Our results are in line with the few previous studies 
on quick returns and injury (23, 25). In the steel indus-
try, workers with a schedule including a quick return 
(8 hours between two shifts) showed a higher risk of 
occupational injuries compared with workers without a 
quick return (23). However, this finding may be limited 
by differences in number of preceding successive shifts, 
which is also linked to risk of injury (24). In a study 
among 2273 nurses in the US, results pointed towards an 
elevated risk of needlestick injuries after self-reported 
weekly quick returns (<10 hours between two shifts) 
when investigated both longitudinal (RR of 1.26, 95% 
CI 0.95–1.67) and cross-sectionally (OR 1.46, 95% CI 
1.15–1.86) (25). This is in line with our results on quick 
returns (IRR 1.39, 95% CI 1.23–1.58). In terms of time 
between shifts, the categories 1–2 and 3–5 hours were 
rare and contained very few cases, which can cause 
unstable estimates. Also, though quick returns between 
6–11 hours often fell between two 8-hour shifts, the shift 
after 1–5 hours between shifts was often shorter. Thus, 
the risk of injury in 1–5 hours between shifts may reflect 
more the effect of a long work day, instead of a quick 
return where employees can return to their home and 
rest. These unusual events of 1–5 hours between shifts 
could be due to on-call shifts or split shifts, where the 
work day is split into at least two work periods (41, 42).
The mechanisms linking quick returns to risk of 
injury are not yet determined. Inadequate time for rest 
could explain the higher risk of injury with shorter time 
between shifts. Also, our results suggest that quick returns 
present a high acute risk of injury, which fits well with 
sleepiness and fatigue as the main mechanisms. The 
two-process model of sleep regulation posits how sleep 
propensity and duration is a function of a sleep-dependent 
and a circadian process (43). Quick returns before day, 
evening and night shifts present rest opportunities at dif-
ferent times of day. A quick return during daytime may 
include long prior awakening and difficulty in maintain-
ing sleep due to the circadian rhythms. This can result in 
a short duration and poorer quality of sleep than during 
the night (43, 44). Moreover, besides commuting, time 
between shifts may also include time for socializing and 
domestic work, which may reduce the rest opportunity 
during quick returns at day and evening time. This study 
found no overall difference in risk of injury between quick 
returns at different times of day. Though statistically non-
significant, estimates indicated a high risk of injury in 
relation to quick returns before evening shifts, when the 
rest opportunity is during daytime. However, the preci-
sion of these estimates may be low as quick returns before 
evening and night shifts included few cases.
This study has the advantage of a large study popu-
lation and objective register-based precise daily mea-
sures of exposure and outcome. Thus, very detailed 
measures of time between shifts are included and recall 
bias is eliminated. The daily measures of exposure and 
Table 3. Incidence rate ratio (IRR) of injury with 95% confidence interval 
(95% CI), by quick returns at different time of day. Quick returns (6–11 
hours) at the index day or the day before were included. Quick returns 
before a day shift: second shift start between 04:00–11:59 hours; Quick 
returns before an evening shift: second shift start between 12:00–19:59 
hours; Quick returns before a night shift: second shift start between 
20:00–03:59 hours. Estimates were adjusted for: year, season, age, sex 
and occupation.
Injury 
cases
Person  
years
IRR 95%CI P-value
Quick return before a 0.221
Day shift (ref) 327 3288 1
Evening shift 38 276 1.32 0.94–1.85
Night shift 76 709 0.91 0.70–1.17
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outcome also allowed employees to contribute with 
time at risk to both the exposure and reference group. 
Therefore, unmeasured confounding from differences 
between employees working different types of shifts 
is reduced.
Findings should be considered in light of this study’s 
limitations. Shifts including on-call work of 1–11 hours 
could be registered as quick returns, yet both the shift 
before and after the on-call shift would have to be ≥3 
hours long. However, estimates may be conservative as 
the actual number of quick returns may be higher due to 
unregistered hours, shifts of <3 hours, and on-call shifts 
in combination with two regular shifts. In addition, there 
was longer time for injuries to be registered on the same 
day as quick returns before a day shift compared with 
quick returns after evening and night shifts. For example 
quick returns before night shifts (in Denmark typically 
starting at 23:00 hours) were registered on the day the 
night shift began, which may leave only one hour for 
registration of an injury on the same day. Thus, the asso-
ciation between quick returns before a night shift and 
injury may be underestimated. In the analyses of time 
of day of quick returns, this difference was reduced by 
including an exposure window of two days.
Moreover, the exact time of injury is not known. 
Consequently, the injury could occur before the quick 
return within the same calendar day. However, we do 
not expect any major bias as we assume most people 
will go home after an injury that requires a visit to an 
emergency department. Furthermore, for an injury to 
cause a registration of a quick return, both the work shift 
before and after should be ≥3 hours long.
Although analyses were adjusted by several poten-
tial confounders, additional confounding may persist, 
particularly related to organization of working hours, 
eg, shift length, time of day of shift, breaks within 
shifts, and consecutive shifts (16). Employees with 
quick returns are likely to have longer weekly working 
hours in the week of the quick return. In addition, quick 
returns imply shift work in that ≤11 hours between two 
shifts will result in shift work (eg, day to night shifts). 
The effects of these work schedule characteristics are 
difficult to disentangle. Thus, adjusting for weekly 
working hours and shift work in model 3 may result in 
multicollinearity (95% of all quick return observations 
also had shift work and on average 2.9 weekly working 
hours >15–17 hours). Still, after adjusting for weekly 
working hours and shift work in the more conservative 
model 3, we found a higher risk of injury in the first 
two days after a quick return though estimates were 
attenuated. However, having long weekly working hours 
and shift work can also be considered part of the quick 
return. Quick returns may be a more important factor 
than night shifts in relation to sleepiness (5), fatigue (5, 
7), and sleep quality (7). Thus, if sleepiness is a mecha-
nism linking quick returns and injury, this could also be 
the case for risk of injury.
This study included all injuries as sleepiness from 
working hours may persist after work and increase 
risk of injury both at work, but also during commuting 
and leisure time. However, future studies are needed 
to enlighten the mechanisms and associations between 
working hour arrangements and different types of inju-
ries (eg, occupational and leisure time injuries). The 
study population included both urban and rural areas of 
Denmark and employees with different work schedules 
(27). If the mechanism between quick returns and injury 
is biological, such as sleepiness, we assume these results 
can be generalized to other occupations and countries as 
well as minor injuries.
In conclusion, we find a higher risk of injury (includ-
ing occupational, commuting and leisure time injuries) 
after quick returns compared with the standard 15–17 
hours between two shifts. The risk of injury increases 
with shorter time between shifts and is particularly high 
within the first two days of a quick return. Our findings 
suggest that quick returns should be kept to a minimum, 
and preferably avoided, in order to prevent injuries.
Acknowledgments
The authors declare no conflicts of interest.
This work was supported by the Danish Working 
Environment Research Fund [grant number 31-2014-
09/20140072847]. The Danish Working Environment 
Research Fund was not involved in the design, data 
collection, analyses, writing or decision to publish this 
study. The study was approved by the Danish National 
Data Protection Agency (J.nr. 2015-57-0074).
The DWHD was established in collaboration between 
National Research Centre for the Working Environ-
ment, the Danish Cancer Society, Danish Ramazzini 
Centre, Department of Occupational Medicine, Aarhus 
University Hospital, and Department of Public Health, 
University of Copenhagen. The establishment of the 
DWHD was financed by research grants from the Dan-
ish Working Environment Research Fund (23-2012-09), 
NordForsk, Nordic Program on Health and Welfare 
(74809), and the National Research Centre for the Work-
ing Environment. The Danish Regions have partially 
financed the transfer of data to the cohort.
We would like to acknowledge the Danish Regions 
for their participation and willingness to provide data to 
the DWHD. Moreover, we thank Jens Worm Begtrup, 
Anders Ørberg and Lisbeth Nielsen from The National 
Research Centre for the Working Environment for valu-
able work with data management in establishing the 
DWHD.
 Scand J Work Environ Health – online first 7
Nielsen et al
References
1. The national research centre for The working environment. 
[Working Environment in Denmark] Arbejdsmiljø i Danmark 
[Internet]. 2017 [cited 2017 Jun 1]. Available from: https://
arbejdsmiljoidanmark.nfa.dk/.
2. Parent-Thirion A, Biletta I, Cabrita J, Llave Vargas 
O, Vermeylen G, Wilczynska A et al. 6th European 
Working Conditions Survey: overview report. 2017 update. 
Luxembourg: Publications Office of the European Union; 
2017. 160 p. (EF).
3. European Parliament Council. Directive 2003/88/EC. OJEU L. 
2003;(299):9–19.
4. Vedaa O, Harris A, Bjorvatn B, Waage S, Sivertsen B, 
Tucker P, et al. Systematic review of the relationship between 
quick returns in rotating shift work and health-related 
outcomes. Ergon. 2016;59:1–14. https://doi.org/10.1080/00
140139.2015.1052020.
5. Eldevik MF, Flo E, Moen BE, Pallesen S, Bjorvatn 
B. Insomnia, excessive sleepiness, excessive fatigue, 
anxiety, depression and shift work disorder in nurses 
having less than 11 hours in-between shifts. PLoS One 
2013 Aug;8(8):e70882. http://dx.doi.org/10.1371/journal.
pone.0070882.
6. Vedaa Ø, Pallesen S, Waage S, Bjorvatn B, Sivertsen B, 
Erevik E et al. Short rest between shift intervals increases 
the risk of sick leave: a prospective registry study. Occup 
Environ Med 2017 Jul;74(7):496–501. http://dx.doi.
org/10.1136/oemed-2016-103920.
7. Dahlgren A, Tucker P, Gustavsson P, Rudman A. Quick 
returns and night work as predictors of sleep quality, fatigue, 
work-family balance and satisfaction with work hours. 
Chronobiol Int 2016;33(6):759–67. http://dx.doi.org/10.31
09/07420528.2016.1167725.
8. Karhula K, Puttonen S, Ropponen A, Koskinen A, Ojajärvi 
A, Kivimäki M et al. Objective working hour characteristics 
and work-life conflict among hospital employees in the 
Finnish public sector study. Chronobiol Int 2017;34(7):876–
85. http://dx.doi.org/10.1080/07420528.2017.1329206.
9. Karhula K, Koskinen A, Ojajärvi A, Ropponen A, Puttonen 
S, Kivimäki M, et al. Are changes in objective working hour 
characteristics associated with changes in work-life conflict 
among hospital employees working shifts? A 7-year follow-up. 
Occup Env Med. 2018;75:407–11. http://dx.doi.org/10.1136/
oemed-2017-104785.
10. Roach GD, Reid KJ, Dawson D. The amount of sleep 
obtained by locomotive engineers: effects of break duration 
and time of break onset. Occup Environ Med 2003 
Dec;60(12):e17. http://dx.doi.org/10.1136/oem.60.12.e17.
11. Kecklund G, Åkerstedt T. Effects of timing of shifts on 
sleepiness and sleep duration. J Sleep Res 1995 Dec;4 
S2:47–50. http://dx.doi.org/10.1111/j.1365-2869.1995.
tb00226.x.
12. Vedaa Ø, Mørland E, Larsen M, Harris A, Erevik E, 
Sivertsen B et al. Sleep Detriments Associated With 
Quick Returns in Rotating Shift Work: A Diary Study. J 
Occup Environ Med 2017 Jun;59(6):522–7. http://dx.doi.
org/10.1097/JOM.0000000000001006.
13. Tsuchiya M, Takahashi M, Miki K, Kubo T, Izawa S. 
Cross-sectional associations between daily rest periods 
during weekdays and psychological distress, non-restorative 
sleep, fatigue, and work performance among information 
technology workers. Ind Health 2017 Apr;55(2):173–9. 
http://dx.doi.org/10.2486/indhealth.2016-0140.
14. Tucker P, Brown M, Dahlgren A, Davies G, Ebden P, 
Folkard S et al. The impact of junior doctors’ worktime 
arrangements on their fatigue and well-being. Scand J Work 
Environ Health 2010 Nov;36(6):458–65. http://dx.doi.
org/10.5271/sjweh.2985.
15. Geiger-Brown J, Trinkoff A, Rogers VE. The impact 
of work schedules, home, and work demands on self-
reported sleep in registered nurses. J Occup Environ 
Med 2011 Mar;53(3):303–7. http://dx.doi.org/10.1097/
JOM.0b013e31820c3f87.
16. Lombardi DA, Folkard S, Willetts JL, Smith GS. Daily 
sleep, weekly working hours, and risk of work-related 
injury: US National Health Interview Survey (2004-2008). 
Chronobiol Int 2010 Jul;27(5):1013–30. http://dx.doi.org/1
0.3109/07420528.2010.489466.
17. Arlinghaus A, Lombardi DA, Willetts JL, Folkard S, 
Christiani DC. A structural equation modeling approach 
to fatigue-related risk factors for occupational injury. 
Am J Epidemiol 2012 Oct;176(7):597–607. http://dx.doi.
org/10.1093/aje/kws219.
18. Uehli K, Mehta AJ, Miedinger D, Hug K, Schindler C, 
Holsboer-Trachsler E et al. Sleep problems and work 
injuries: a systematic review and meta-analysis. Sleep Med 
Rev 2014 Feb;18(1):61–73. http://dx.doi.org/10.1016/j.
smrv.2013.01.004.
19. Connor J, Norton R, Ameratunga S, Robinson E, Civil I, 
Dunn R et al. Driver sleepiness and risk of serious injury 
to car occupants: population based case control study. 
BMJ 2002 May;324(7346):1125. http://dx.doi.org/10.1136/
bmj.324.7346.1125.
20. Robb G, Sultana S, Ameratunga S, Jackson R. A systematic 
review of epidemiological studies investigating risk 
factors for work-related road traffic crashes and injuries. 
Inj Prev 2008 Feb;14(1):51–8. http://dx.doi.org/10.1136/
ip.2007.016766.
21. Van Dongen HP, Maislin G, Mullington JM, Dinges DF. The 
cumulative cost of additional wakefulness: dose-response 
effects on neurobehavioral functions and sleep physiology 
from chronic sleep restriction and total sleep deprivation. 
Sleep 2003 Mar;26(2):117–26. http://dx.doi.org/10.1093/
sleep/26.2.117.
22. Folkard S, Akerstedt T. Trends in the risk of accidents and 
injuries and their implications for models of fatigue and 
performance. Aviat Space Environ Med 2004 Mar;75(3 
Suppl):A161–7. 
8 Scand J Work Environ Health – online first
Quick returns and injury
23. MacDonald I, Smith L, Lowe SL, Folkard S. Effects on 
Accidents of Time into Shift and of Short Breaks between 
Shifts. Int J Occup Environ Health 1997 Jul;3 Supplement 
2:S40–5. 
24. Spencer MB, Robertson KA, Folkard S. The development 
of a fatigue / risk index for shiftworkers. London: Health & 
Safety Executive; 2006. Report No.: 446.
25. Trinkoff AM, Le R, Geiger-Brown J, Lipscomb J. Work 
schedule, needle use, and needlestick injuries among 
registered nurses. Infect Control Hosp Epidemiol 2007 
Feb;28(2):156–64. http://dx.doi.org/10.1086/510785.
26. Pedersen CB, Gøtzsche H, Møller JO, Mortensen PB. The 
Danish Civil Registration System. A cohort of eight million 
persons. Dan Med Bull 2006 Nov;53(4):441–9. 
27. Garde AH, Hansen J, Kolstad HA, Larsen AD, Pedersen 
J, Petersen JD et al. Payroll data based description of 
working hours in the Danish regions. Chronobiol Int 2018 
Jun;35(6):795–800. http://dx.doi.org/10.1080/07420528.20
18.1466797.
28. Lynge E, Sandegaard JL, Rebolj M. The Danish National 
Patient Register. Scand J Public Health 2011 Jul;39(7 
Suppl):30–3. http://dx.doi.org/10.1177/1403494811401482.
29. Helweg-Larsen K. The Danish Register of Causes of Death. 
Scand J Public Health 2011 Jul;39(7 Suppl):26–9. http://
dx.doi.org/10.1177/1403494811399958.
30. Petersson F, Baadsgaard M, Thygesen LC. Danish 
registers on personal labour market affiliation. Scand J 
Public Health 2011 Jul;39(7 Suppl):95–8. http://dx.doi.
org/10.1177/1403494811408483.
31. Nielsen HB, Larsen AD, Dyreborg J, Hansen ÅM, Pompeii 
LA, Conway SH, et al. Risk of injury after evening and night 
work – findings from the Danish Working Hour Database. 
Scand J Work Environ Health. 2018;44;(4):385–93. http://
dx.doi.org/10.5271/sjweh.3737.
32. Danish Nursing Organization. Rådighedsvagter - Regioner 
| Løn og arbejdsvilkår, DSR [On-call - Regions | Salary and 
working conditions, Danish Nursing Organization] [Internet]. 
2015 [cited 2018 May 16]. Available from: https://dsr.
dk/loen-og-arbejdsvilkaar/overenskomster-og-aftaler/
regionale-overenskomster-og-aftaler/arbejdstid-11.
33. Folkard S, Lombardi DA. Modeling the impact of the 
components of long work hours on injuries and “accidents”. 
Am J Ind Med 2006 Nov;49(11):953–63. http://dx.doi.
org/10.1002/ajim.20307.
34. Wuellner SE, Bonauto DK. Exploring the relationship 
between employer recordkeeping and underreporting in 
the BLS Survey of Occupational Injuries and Illnesses. 
Am J Ind Med 2014 Oct;57(10):1133–43. http://dx.doi.
org/10.1002/ajim.22350.
35. Nielsen HB, Larsen AD, Dyreborg J, Hansen ÅM, Hansen J. 
HenrikKolstad, et al. Working hours and the risk of injuries – 
study protocol [Internet]. 2017 [cited 2017 Oct 26]. Available 
from: https://figshare.com/articles/Working_hours_and_
the_risk_of_injuries_study_protocol/4801891.
36. Wirtz A, Lombardi DA, Willetts JL, Folkard S, Christiani 
DC. Gender differences in the effect of weekly working 
hours on occupational injury risk in the United States 
working population. Scand J Work Environ Health 2012 
Jul;38(4):349–57. http://dx.doi.org/10.5271/sjweh.3295.
37. Alamgir H, Yu S. Epidemiology of occupational injury 
among cleaners in the healthcare sector. Occup Med (Lond) 
2008 Sep;58(6):393–9. http://dx.doi.org/10.1093/occmed/
kqn028.
38. Motaarefi H, Mahmoudi H, Mohammadi E, Hasanpour-
Dehkordi A. Factors Associated with Needlestick Injuries 
in Health Care Occupations: A Systematic Review. J Clin 
Diagn Res 2016 Aug;10(8):IE01–04. 
39. Liang KY, Zeger SL. Longitudinal data analysis using 
generalized linear models. Biometrika 1986 Apr;73(1):13–
22. http://dx.doi.org/10.1093/biomet/73.1.13.
40. Nielsen HB, Larsen AD, Dyreborg J, Hansen ÅM, Pompeii 
LA, Conway SH et al. Risk of injury after evening and night 
work - findings from the Danish Working Hour Database. 
Scand J Work Environ Health 2018 Jul;44(4):385–93. http://
dx.doi.org/10.5271/sjweh.3737.
41. Anund A, Fors C, Ihlström J, Kecklund G. An on-road study 
of sleepiness in split shifts among city bus drivers. Accid 
Anal Prev 2018 May;114:71–6. http://dx.doi.org/10.1016/j.
aap.2017.05.005.
42. Ihlström J, Kecklund G, Anund A. Split-shift work in 
relation to stress, health and psychosocial work factors 
among bus drivers. Work 2017;56(4):531–8. http://dx.doi.
org/10.3233/WOR-172520.
43. Borbély AA. A two process model of sleep regulation. 
Hum Neurobiol 1982;1(3):195–204. 44. Rajaratnam 
SM, Arendt J. Health in a 24-h society. Lancet 2001 
Sep;358(9286):999–1005. http://dx.doi.org/10.1016/S0140-
6736(01)06108-6.
Received for publication: 19 June 2018
